Bone marrow mesenchymal stem cells (MSCs) can differentiate into smooth muscle cells (SMCs) and have tremendous potential for cell therapy and tissue engineering. In this study, to understand the effects of TGF-β3 on rat bone marrow-derived MSCs and the underlying molecular mechanism of this differentiation process, we investigated that the changes of myocardin-related transcription factors (MRTFs) at the transcriptional level after rat MSCs were treated with TGF-β3. The results showed that TGF-β3 increased the expression of contractile genes, such as SM22, smooth muscle-myosin heavy chain (SM-MHC), SM-α-actin in MSCs. When TGF-β3 induced MSCs differentiation into SMCs, myocardin and MRTF-A were activated. The data indicated that TGF-β3 induced rat bone marrow-derived MSCs differentiation into SMCs by activating mypcardin and MRTF-A.
INTRODUCTION
In vivo, smooth muscle cells (SMCs) are found in the vascular system, as well as in visceral organs, notably the respiratory, genitourinary, and gastrointestinal systems. VSMCs were involved in atherosclerosis and hypertension, leading causes of heart failure. Thus there was the great interest in the field of cellular therapeutics involving these tissues. However, one major limitation to this approach has been that a reliable source of SMCs can be impractical and morbid. In addition, biopsies usually lead to limited amounts of cells. It has been shown that SMCs derived from diseased organs can lead to abnormal cells that are different from healthy SMCs [1] . Therefore, there is a great need for alternative sour ces of healthy SMCs.
Several groups have suggested the use of bone marrow-derived cells to repair smooth muscle tissues because of their stem cell-like properties [2] . Bone marrow-derived mesenchymal stem cells (MSCs) have a self-renewal capacity, long-term viability. It is important that MSCs can differentiate into a variety of cell types, such as osteogenic, adipogenic, chondrogenic, skeletal muscle cells, and SMCs in response to different microenviromental cues [3] . In vivo, MSCs transplanted into the heart can differentiate into SMCs and contribute to the remodeling of vasculature [4] . These findings indicated that MSCs might be as sources of healthy SMCs under some specific conditions, such as in the presence of some cytokine.
Transforming growth factor-β (TGF-β) proteins are multifunctional proteins that regulate cell growth, differentiation, migration, and extracellular matrix production. It has been shown recently that TGF-β increases smooth muscle (SM)-actin expression in MSCs [5] . Sphingosylphosphorylcholine (SPC) induces differentiation of human adipose-tissue-derived MSCs into smooth-muscle-like cells through a TGF-β-dependent mechanism [6] . These results indicate that the TGF-β was involved in mesenchymal lineage cell type differentiation into SMCs. Therefore, we investigated the role of TGF-β in bone marrow-derived MSC differentiation into SMCs.
Myocardin is expressed specifically in smooth and cardiac muscle cell lineages and activates smooth and cardiac muscle reporter genes by interacting with serum response factor (SRF). Myocardin shares homology with myocardin-related transcription factor-A (MRTF-A), and MRTF-B, which are expressed in a broad range of embryonic and adult tissues [7] . To understand whether MRTFs are implicated in the SMC differentiation of 
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JBiSE MSCs, we investigated the changes of MRTF family mRNA level after MSCs were induced by TGF-β3.
In this report, we show that TGF-β3 induced rat bone marrow-derived MSC differentiation into SMCs. TGF-β3 increased the expression of contractile genes, such as SM22, smooth muscle-myosin heavy chain (SM-MHC), SM-α-actin in MSCs. We also demonstrated that myocardin and MRTF-A play important roles in the TGF-β3-induced SMC differentiation in MSCs.
MATERIALS AND METHODS

Reagents
Dulbecco's modified Eagle's medium-low glucose (DMEM-LG) was purchased from Hyclone Co. TGF-β3 was purchased from Peoro Tech. Co. Fetal bovine serum (FBS) was obtained from Hycolon Lab, Inc. Fluorescein isothiocyanate (FITC)-conjugated or phycoerythrin (PE)-conjugated antibodies CD14, CD29, CD34, CD44, CD45, CD105 were purchased from BD Pharmingen, San Diego, CA. Mouse anti-rat SM-MHC and FITCgoat anti-mouse IgG were purchased from Santa Cruz. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium (MTT) was purchased from Sigma. Co. Trizol reagent was purchased from Invitrogen, USA. All other reagents were ultrapure grade.
Cell Culture
Rat MSCs were isolated from the femurs and tibias of male Sprague-Dawley rats (90-100g) with a modified method originally described by Pittenger [3] . Briefly, bone marrow mononuclear cells were obtained by Percoll (1.073 g/ml) density gradient centrifugation. The cells were seeded in Dulbecco's modified Eagle's medium-low glucose (DMEM-LG) supplemented with 10% fetal bovine serum (FBS) and penicillin/streptomycin at 37 in humified air with 5% CO2. At 24 h after plating, ℃ nonadherent cells were removed by replacing medium. The antibiotic was removed after one media change. The medium was changed every 2-3 days and the cells were passaged in 0.05% trypsin-1 mM EDTA. All the cells were used between passages 4 and 6.
Flow Cytometric Analysis
Rat MSCs were phenotypically characterized by flow cytometry (Becton-Dickinson, San Jose, CA) by the method of Li [8] . The antibodies used in this study included FITC-conjugated or PE-conjugated antibodies CD14, CD29, CD34, CD44, CD45, CD105. To detect surface antigens, cells were collected and incubated (30 min at 48C) with the respective antibody at a concentration previously established by titration. At least 1×105 cells for each sample were acquired and analyzed.
Cell Differentiation Induction
When the cultures of MSCs reached subconfluence, cells were washed twice with the medium and divided into two groups. In control group, the cells were cultured in basal DMEM medium (without FBS); in TGF-β treatment group, the cells were incubated with 5, 10 ng/ml TGF-β in basal medium. Fresh TGF-β was dissolved in phosphate buffered saline (PBS) and applied to cells. The cells in the two groups were incubated for 24 hours. The morphological changes of the cells were observed under phase contrast microscope (Nikon, Japan).
Immunocytochemistry Assay
After MSCs were treated in the two ways mentioned above for 24 h, cells were fixed in 4% paraformaldehyde for 15 min, blocked with normal goat serum for 20 min at room temperature (RT). Then, primary antibodies (mouse anti-rat SM-MHC) were added and incubated in a humid chamber over night. After washing with 0.1 M phosphate buffered saline (PBS) three times, cells were incubated with appropriate secondary antibodies (FITCgoat anti-mouse IgG) for 30 min at 37 . After washing ℃ with 0.1 M PBS, the samples were evaluated under inverted fluorescence microscope (Nikon, Japan).
Cell Viability Assay
Cells were seeded into 96-well plates and treated with or without TGF-β for 24 h, respectively. The viability of cells determined by using the method of MTT assay as described previously [9] . The light absorption was measured at 570 nm using Multiskan Spectrum (Thermo Labsystems). The viability (%) was calculated by the formula as follow. Viability (%)=(OD of control or treated group/OD of normal group)×100%. The viability of normal group was presumed as 100%.
RNA Isolation and Semi-Quantitative Reverse-Transcription Polymerase Chain Reaction (RT-PCR)
MSCs were treated in the two ways mentioned above for 24 h. Semi-quantitative RT-PCR analysis was carried out as described previously [6] . Briefly, total RNA was isolated from cells using Trizol reagent, two microgram of the sample was reverse-transcribed using M-MLV reverse transcriptase (Promega, USA) according to the manufacturer's instructions. The PCR primer sequences are listed in Table 1 . Semiquantitative analysis of mRNA expression was performed by using the Biorad software, using human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a housekeeping gene.
Statistical Analysis
Data were expressed as mean±SE and accompanied by the number of experiments performed independently, and analyzed by t-test. Differences at P<0.05 were considered statistically significant.
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RESULTS
Immunophenotypic Characterization of Rat MSCs JBiSE
Rat MSCs isolated in this study were uniformly positive for CD29, CD44, CD105. In contrast, these cells were negative for other markers of the hematopoietic lineage CD14, CD34, the leukocyte common antigen CD45. Flow cytometry analyses showed that the MSC was a homogeneous cell population devoid of hematopoietic cells (Figure 1 ).
TGF-β Induced the SMC Differentiation of Rat MSCs
Rat MSCs were exposed to 5, 10 ng/ml TGF-β3 respectively in the absence of serum. The treatment of MSCs with TGF-β3 significantly changed the cell morphology. As show in Figure 2A , 24 hours after TGF-β3 treatment, MSCs have a more spread out and myoblast-like morphology, and intracellular fibrous structures were visible. There were no obvious morphological changes in the control group. To confirm the SMC differentiation of these MSCs, we analyzed the expression of SM-MHC by immunocytochemistry. The cells treated with 5 ng/ml TGF-β3 exhibited the positive SM-MHC ( Figure 2B ). The cells were treatment under the serum-free condition, thus we analyzed the cell viabilities. As shown in Figure  3 , the viabilities in the control and D609 treatment groups were decreased obviously at 24 h, and are only about 60%. There were no significant between control group and each experiment group (P>0.05). These results shown that 10 ng/ml TGF-β3 did not regulate the cell growth, but could induce the differentiation of MSCs.
To confirm the characters of these differentiated MSCs, the expression of SM22, SM-α-actin, SM-MHC mRNA were examined. RT-PCR experiment results showed that at 24 h, the MSCs treated with 5 ng/ml TGF-β3 displayed weak expression of SM22, SM-α-actin, SM-MHC and 10 ng/ml TGF-β3 induced the intensive increase of SM22, SM-α-actin, SM-MHC in rat MSCs (Figure  4) . In the control group, no expression of SM22, SM-α-actin, SM-MHC were detected (Figure 4) . These results showed that TGF-β3 induced rat bone marrow-derived MSC differentiation into SMCs and increased the expression of contractile genes, such as SM22, SM-MHC, SM-α-actin. .
Myocardin and MRTF-A were activated Cs
To i RTF family in the SMC difdevelopment and postnatal life. 
DISCUSSION
SMCs are critical in SMCs have been implicated in vascular development as well as in a variety of cardiovascular diseases, including , growth factor, such as PDGF-BB and TGF-β [11] , and direct contact with vascular endothelial cells [12] . TGF-β can contribute to development of SMCs from embryonic stem cells [13] . In this study, we found that TGF-β3 could induce SMC differentiation of rat bone marrow-derived MSCs and increased the expression of contractile genes, such as SM22, SM-MHC, SM-α-actin in MSCs.
However, the induction action of TGF-β3 and the underlying molecular me tion of MSCs into SMCs are not well known. Myocardin is known to be a potent serum response factor (SRF) cofactor that plays important roles in regulating smooth muscle and cardiac muscle gene transcription [7] . It is reported that the expression of myocardin at the transcriptional level were increased during the SMC differentiation of hATSCs induced by SPC [6] . Taken together with previous experimental results, our findings are consistent with the idea that myocardin and MRTF-A is activated during the process of SMC differentiation in MSCs.
In summary, our results in this study showed that TGF-β3 ffertumor cells to ionizing radiation. Cancer Res., 50, 1392-1396. tiation into SMCs. TGF-β3 increased the expression of contractile genes, such as SM22, smooth muscle-myosin heavy chain (SM-MHC), SM-α-actin in MSCs. When TGF-β3 induced MSCs differentiation into SMCs, myocardin and MRTF-A were activated. The data indicated that TGF-β3 induced rat bone marrow-derived MSCs differentiation into SMCs by activating mypcardin and MRTF-A. Obviously, further studies are needed to clarify, for example, the interaction of myocardin and smad proteins as major intracellular mediators of TGF-β signal pathways.
